INTRODUCTION
The emergency medical service system (EMSS) is a public health system for quick recognition and transport of emergent patients from the scene to a medical facility. EMSS is usually categorized into three domains, such as prehospital (at scene), transport, and hospital stages. To improve the outcome and prognosis of the transported patients, the three stages of EMSS should be well organized and connected. 1 For infants and children, the critical role of the 'transport' stage of EMSS has been emphasized, because the most significant causes of mortality among pediatric patients are known to be injury and intoxication. 2, 3 In the Unites States, significant improvements in EMSS was achieved in the 1970s, especially for trauma and cardiac arrest victims. However, the endeavor was mainly focused on adults, and some studies revealed that the improvement in prognosis among pediatric patients was suboptimal in spite of the development of a modern EMSS. 4 For this reason there was strong suggestion that a pediatric EMSS should be established separately from that of adults, and consequently, an emergency medical service for children was introduced to take care of and transport pediatric patients properly in 1985. 5 In Korea, EMSS mainly for adult has been developed rapidly through the 1990's and achieved many meaningful goals, such as improved outcomes of cardiac arrest patients, however there is still a significant lack of appropriate investment in infrastructure of pediatric EMSS. Understanding the realistic features of EMSS is essential to achieve improvements in the EMSS of the country. These data can be used to devlop policies for EMSS and to establish proper education, research and public relations programs. In the United States, each state has multiple EMSS providers which work for the population of the designated area. This system can be a barrier to understanding the comprehensive state of EMSS in each region, and the population-based studies can be hard to conduct. For this probable reason, the epidemiologic studies on pediatric EMSS in the United States are rare. 4 On the other hand, Korea has a single, centralized EMSS run by the National Emergency Management Agency (NEMA) with the call code 119, as equivalent to 911 in the United States. The 119 crew, mainly emergency medical technicians and registered nurses, has duty to record a 'run sheet' which contains brief information on the transported patients. The data from the run sheets are converted into an electronic database and stored in the information system of NEMA.
The aim of this study was to elucidate the epidemiology of pediatric patients transported in Korea through the EMSS, by analysis of the run sheet log recorded by the 119 rescue service crew.
METHODS
We extracted epidemiologic data from the collected run sheets, such as age and gender of the pediatric patients, the time, day, season, and year of the requested calls, consciousness level of the patients (alert, responds to verbal stimuli, responds to painful stimuli, or unresponsive; AVPU), main reason for the requested call (disease or injury), and emergency care provided by the 119 crew during the transportation.
We divided the cases into four groups according to the age of the patients, 0 to 1, 2 to 5, 6 to 10, and 11 to 15 years old. The emergency management provided by the NEMA crew for arrest victims was also collected such as bag-valve-mask ventilation, monitoring electrocardiography, and intravenous access. To investigate the regional differences in the country, we analyzed the data from 7 metropolitan cities and 9 provinces.
We compared average annual transport numbers of 16 metropolitan cities and provinces to understand the differences in prehospital transport characteristics of each region. We also obtained the adjusted incidence rate (per 100,000 children) of transportation of pediatric patients in each region, using the data provided by Statistics Korea. This study was approved by the institutional review board of Seoul Medical Center (2013-015).
Statistical analysis
Continuous data were represented by median and interquartile range. Categorical values were reported with frequency (%). The comparison of demographics of the transport by age group, time, month, and season was analyzed with chi square tests. A P-value less than 0.05 was regarded as statistically significant. Statistics package STATA ver. 14.0 (StataCorp., College Station, TX, USA) was used for statistical analysis.
There were small portions of missing data in the variables of gender, AVPU, and run time. To avoid introducing bias or affecting the representativeness of our result, we performed imputation method for missing values. We used a univariate imputation strategy for each missing value, predictive mean matching for continuous variables, logistic regression for binary variables, and multinomial logistic regression for nominal variables. We used the multiple imputation command in STATA ver. 14.0.
RESULTS

Subjects
From January 2006 to December 2008 (3 years), there were a total of 3,672,932 run sheets which were electronically submitted to NEMA by 119 crews in Korea. Among these records, we ob- 
Demographic characteristics of the transported pediatric patients
The annual average number of transported pediatric patients by the NEMA crew during study period was 79,548 (standard deviation [SD], ± 6,357). The median age of children was 6.0 (interquartile range, 2 to 11), and boys represented more than half (n = 140,897; 59.0%). The most common age among the children was 2 years old (n = 23,190; 9.7%). The most commonly transported age group was the 2-to 5-year-old group (31.0%). The NEMA services were most frequently provided to the pediatric patients in the afternoon (12:00 p.m. to 17:59 p.m., 36.3%), on Saturday and Sunday (15.9% and 15.7%), and in summer (June through August, 27.3%). The most common requested site was the home (54.3%) of the victims (Table 1) . 
Clinical characteristics of the transported pediatric patients
When we divided the chief complaints of the patients into two major groups, disease and injury, there were more patients in the injury (n = 137,751; 57.7%) than the disease group (n = 100,893; 42.3%). In the disease group, there were more boys (55.8%) and the largest age group was 2 to 5 years olds (40.1%). The children in the disease group were most commonly transported in the evening (18:00 p.m. to 23:59 p.m., 31.6%), on Monday and Friday (15.0% and 14.7%, respectively), in spring (March through May, 27.6%), and from the home of the children (75.4%). In the injury group, there were more boys (61.4%) and the largest age group was older than the disease group (11 to 15 years old, 33.2%). The injured children were most frequently moved in the afternoon (12:00 p.m. to 17:59 p.m., 43.6%), on Saturday and Sunday (17.2% and 16.6%, respectively), and in summer (June through August, 29.4%). Most of the traumatized pediatric victims were transported from home (38.9%) and from the road (27.7%) ( Table 1 ). The relative proportions of the consciousness levels of the children judged with the AVPU method by the NEMA crew was 'alert' (n = 208,496; 87.4%), 'responsive to verbal stimuli' (n = 17,671; 7.4%), 'responsive to painful stimuli' (n = 9,402; 3.9%), and 'unresponsive' (n = 3,055; 1.3%) ( Table 1 ).
Emergency management provided by NEMA crew
A total of 186,702 emergency maneuvers were provided to 129,006 children (54.1% of total transported children) by the NEMA crew during the study period (average, 1.45 maneuvers per 1 transport). The emergency interventions were mainly 'heat preservation' (21.2%), 'wound care' (18.1%), 'immobilization' (11.0%), 'oxygen supply' (10.6%), and 'airway protection' (6.5%) ( Table 2) .
The NEMA crew performed a total of 1,471 cardiopulmonary resuscitations. The proportions of the resuscitative procedures provided during cardiopulmonary resuscitation were as follows: 'bag-valve-mask ventilation' (n = 556, 37.8%), 'monitoring of electrocardiography' (n = 268, 18.2%) and 'vascular access' (n = 3, 0.2%).
Comparison of the pediatric prehospital transports among metropolitan cities and provinces in Korea
We analyzed and compared the prehospital transport services across 7 metropolitan cities (Seoul, Busan, Incheon, Daegu, Daejeon, Gwangju, and Ulsan) and 9 provinces (Gyeonggi, Gangwon, Chungbuk, Chungnam, Gyeongbuk, Gyeongnam, Jeonbuk, Jeonnam, and Jeju) in Korea. The mean absolute number of the pediatric transports was highest in Gyeonggi (n= 20,467.7; 26.7%; SD, ± 2,523.8), Incidence rates are standardized by age and gender to the Korean child population.
Seoul (n= 14,030.7; 18.3%; SD, ± 563.2), and Incheon (n= 5,587.7; 7.3%; SD, ± 1,476.5) in decreasing order. The sum of transports in these three regions was about half of the total transported patients (50.0%). The smallest numbers were transported annually in Chungbuk (n = 2,350.0; 3.1%; SD, ± 361.5), Jeju (n = 1,803.7; 2.3%; SD, ± 47.7), and Ulsan (n= 1,687.7; 2.2%; SD, ± 130.7).
We converted these absolute numbers to the incidence of the transported cases per 100,000 pediatric population numbers standardized by age, and gender to the Korean child population. The national average transport per 100,000 children was 992.6. When we compared this incidence per 100,000 children among the 16 regions in Korea, Jeju was the highest (n = 1,650.2; 10.4%), followed by Gangwon (n = 1,201.3; 7.6%), Jeonnam (n = 1,178.1; 7.4%) and Incheon (n = 1,172.5; 7.4%). The lowest incidence per 100,000 pediatric population was observed in Busan (n = 770.6, 4.9%), Gyeongnam (n = 758.5, 4.8%), and Daegu (n = 601.6, 3.8%) ( Table 3 and Fig. 1 ).
DISCUSSION
In this study, we describe the nation-wide characteristics of pediatric prehospital transports over 3 years in Korea. Although previous small studies showed the regional features of general or pediatric transports provided by NEMA, those studies have been limited by the small numbers of the subjects in any single region. 6 The most important strength of our study is that this is the first national report on the pediatric prehospital transport in Korea.
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In the United States, the proportion of pediatric transports out of the total prehospital transports is known to be 4% to 13%, and only 5% to 7% of the children are brought to emergency departments using the EMSS. [7] [8] [9] [10] [11] [12] The children transported by EMSS had about a three times higher admission rate than the children brought by other vehicles. 11, 12 During the three years of the study, the pediatric proportion of the prehospital transports was 6.5% (n = 238,644). Over time, the proportion slowly but steadily increased, from 6.3% (n = 71,287; in 2006), 6.5% (n = 80,607; in 2007), and 6.6% (n = 86,750; in 2008) (Fig. 2) . A recently published study reported that the pediatric proportion of the EMSS in 124 Korean emergency departments was 4.2%, and that the admission rate was 14.1%, which is 2.5 times higher than in the group of patients who were transported otherwise. 13 Considering these data, there is significant need for advanced prehospital transport in Korea because there are significant and increasing numbers of the severe pediatric cases who require effective EMSS.
A cross-sectional study of pediatric (less than 19 years old) prehospital transports in 112 emergency departments of the united State showed that the most common pediatric age group was 12 to 18 years old (46%), and that girls were 52%. According to this study, injured children represented more than half (54%), and the most frequently transported time and season were 16:00 p.m. to 23:59 p.m. (47.0%), and in summer (June to August, 31%). 12 Although our study used a different age definition for the pediatric patients (less than 16 years old) than that of the American study, the most common Korean children age group was relatively younger (2 to 5 years old, 31.0%), and prehospital transports were most frequently requested at a relatively earlier time (12:00 p.m. to 17:59 p.m., 36.3%). This discrepancy suggests that national epidemiologic data is essential to establish and to develop specific prehospital transport systems in each country. This study provides meaningful data which are critical in order to improve the pediatric prehospital care system in Korea. In order to determine the distribution of resources, such as personnel, equipment, and facilities the absolute and population-adjusted pediatric transport numbers of each metropolitan city and province would be helpful. For example, to expand the pediatric transport system, the adjusted pediatric transport cases per 100,000 children of Gangwon and Incheon are higher than those Emergency medical service use in Korean children of Seoul and Gyeonggi province. Another important implication relates to the most frequently requested time and season. Because the total number of transport calls is largest in the afternoon (12:00 p.m. to 17:59 p.m.), on weekends (Saturday and Sunday), and in the summer, these periods requires more pediatric transport resources. Moreover, the fact that the proportion of pediatric patients with consciousness level 'A (alert)' is significantly lower in the disease group (80.0%) than the injury group (92.8%) indicates that the disease group requires more careful management during the transport. A total of 1,471 CPRs were performed during the study period. The level of consciousness of most patients was unresponsive (92%), but there were 60 cases of CPR performed on initially alert children. This could be due to a recording error. However, the clinical course of those patients might deteriorate rapidly during transport. We could not analyze the clinical course of these cases because no detailed clinical data were available in the run sheets.
This study has some limitations. First, there were some missing records in the dataset of the study. This limitation is partly inevitable due to the retrospective nature of the study, and this drawback hampers more detailed analysis of the data. Although percentage of missing records was only 3.5% (8,521 cases), in some age groups, especially the infant group had more missing records. Second, the quality of run sheets between different regions of the country was variable. For example, the missing rates of the data were 16.3% and 14.5% in Incheon and Jeonnam, respectively. This inappropriately high rate of missing data strongly suggests that quality control is warranted in preparation and collection of the run sheets. Third, although we could analyze the prehospital management of the transported children, the clinical outcome of the patients was unclear due to the lack of merged data between prehospital and hospital records. Merging of the databases should be a high-priority for the improvement of the Korean pediatric EMSS.
In summary, we presented comprehensive epidemiologic data of pediatric patients transported by national emergency medical services in Korea, and we hope these data can be used as hard facts to develop and improve the pediatric EMSS in the country.
